The saltwater culture of an Arthrinium sp. derived from a marine sediment collected at −550 meters was a source of tyrosol (1) and a new compound, tyrosol carbamate (2). This is only the third report of novel secondary metabolites discovered from the saltwater culture of a deep-water marine-derived fungus.
Marine-derived filamentous fungi cultured in saltwater media are an emerging source of important natural products. The first milestone discovery from our lab in this area occurred over a decade ago in a report on chloriolins A-C [1] . These novel terpenoids were produced during the saltwater culture of an unidentified fungus obtained from the marine sponge Jaspis splendens. Slightly preceding this was Kitagawa's report of trichoharzin [2] from the culture of a Mycale sponge-derived saltwater obligate strain of Trichoderma harzanium. The follow-up to these first discoveries are represented by a continuing stream of papers from our lab [3] , and others [4] , and have firmly established the value of pursuing marinederived fungi as a source of inspirational natural products. There have been more than 270 marinederived fungal metabolites reported up to 2002 [5] . The recent shift in focus toward using sediment procured from both shallow and deep-water marine environments for the isolation of new fungal strains represents an additional opportunity. Our discovery of five new anserinone analogs [6] from a deep water [7] marine-derived fungal culture of a Penicillium sp. constitutes the first such finding of metabolites isolated via saltwater culture [8] . The recent isolation of ten nitrogen-containing metabolites by the Harbor Branch Oceanographic Institute (HBOI) from a deepwater sediment-derived Chromocleista strain provides a further contribution [9] . Together, these reports substantiate that secondary metabolite producing fungal strains can be harvested from deepwater environments. It is important to note that the biological basis for such research can be traced back more than two decades [10] , and there is now considerable evidence for the existence of fungi from water as deep as −4000 meters [11] .
The stimulus for this research came from positive cytotoxicity [12] and LCMS [13] profiles of small scale (150 mL) extracts observed from a deep-water sediment derived filamentous fungal strain housed in our repository. The fungus (UCSC coll. no. 03F209), identified as an Arthrinium sp. (family Lasiosphaeriaceae, order Sordariales) and isolated from sediment collected at a depth of −550 meters, was chosen for large-scale (20 x 1L) saltwater culture. The fungus was positively identified via morphological analysis, whereas molecular genetics analysis using 28S DNA sequence comparisons provided no matches with over one thousand common terrestrial fungal strains [14] . The genus Arthrinium is known to produce the polyketides arthrinone [15a] sp. cultured in saltwater produced the common dicarboxylate, (-)-hexylitaconic acid [18] . Reported below is the inseparable mixture of two simple amino acid derivatives, the ubiquitous fungal metabolite, tyrosol (1) [19, 20] , and the previously unknown tyrosol carbamate (2) . To date, the compounds responsible for the cytotoxicity response have not been isolated.
The Arthrinium sp. was grown in seawater liquid culture (20 x 1L flasks) and the resulting mycelia were removed from the broth by vacuum filtration. Thorough extraction of the remaining liquid broth with ethyl acetate resulted in a crude oil (E). This was directly separated by size exclusion chromatography.
Only the fourth fraction (S4) provided a significant response in the cytotoxic primary screen [12] , and the LCMS data suggested the presence of low molecular weight compounds. Fractionation of S4 was pursued via reversed-phase HPLC-MS, and the sixth fraction was found to be an inseparable mixture of 1 and 2 displaying MS peaks at m/z 121 and 182. That 1 and 2 were present in an 80:20 ratio was confirmed by the integrated 1 H spectrum and the 13 C NMR data, respectively (see supporting information).
The structure elucidation process was straightforward once the composition of the mixture was established. A molecular formula of C 8 Table 1 identified tyrosol (1), whose 13 C NMR properties shown here exactly matched those in the literature [21] . The minor component (2) (C 9 H 11 NO 3 ) was concluded, from NMR spectroscopic data (Table 1) , to contain nine carbons and 8 non-exchangable protons. The presence of a p-substituted phenylethyl framework was obvious from the A 2 X 2 aliphatic (δ H 4.51, 2.94), and the AA'BB' (δ H 7.07 and 6.73) aromatic spin systems. The carbon at δ 157.4 of 2 could be rationalized as either a carbamate or a carbamic acid moiety attached at either C-2 or C-6 of the tyrosol (1) framework. The only significant NMR shift differences between 1 and 2 were at C-1 (Δδ H = 0.83, Δδ C = 5.5), while identical 13 C shifts were observed for the pair at C-6. Collectively, these data mean that the new functional group must be attached at C-1. The choice in favor of O rather than N attachment at C-1 was made by reference to literature NMR data shown here for model compounds 3 (a synthetic compound) [22] and 4 (a natural product, TMC-49A) [23] . The quest to define deep-water derived macro-or micro-organisms as sources of unique chemotypes remains under active investigation worldwide. Notable chemical structures have been discovered from deep-water macroorganisms, including sponges (isohomohalichondrin B [24] , and shinsonefuran [25] ), a gorgonian (papakusterol [26] ), a sea cucumber (synallactosides [27] ), a sea star (mediasterosides [28] ), and also from a deep-water bacterium (salinosporamides [29] ). The possibility that deep-water derived fungi are a source of unprecedented chemotypes has yet to be fully determined and the results achieved herein represent a minor step forward. The carbamate functionality of 2 does not have prior precedents among fungal natural products and the closest analogy from other microorganisms is TMC-49A (4) [23] obtained from the culture of a terrestrial Streptomyces sp. Of further note is that the carbamate / carbamic acid functionality is rarely reported from marine macroorganisms. To the best of our knowledge there are less than 20 marine-derived compounds known with this functionality, whereas the current literature . Our library of deep water derived marine fungi currently has fourteen taxonomically characterized strains under active study and new chemical results will be available in due course [40] .
Experimental Section
General experimental procedures: All 1 H and 13 C NMR spectra were recorded at 500 and 125.7 MHz, respectively. Analytical and semi-preparatory HPLC were performed with C18 columns of 5 μm size. Mass spectra were obtained using an ESITOF instrument. Light scattering data were collected using an evaporative light scattering detector.
Collection and identification:
The fungus (UCSC Coll. No. 03F209) was isolated from a −550 meters sediment collection off the shore of St. Thomas Island in the U.S. Virgin Islands (GPS coordinates: ~18-20N, 64-50W). The sediment (approximately 6 cm 3 , tan colored, loosely packed silt and granules) was immediately sampled at the core using a sterile scoopula, plated in triplicate on low-nutrient seawater media (1 g/L dextrose, 0.1 g/L yeast extract, 0.1 g/L peptone, 12 g/L agar) with antibiotics, and incubated at 24°C. Following transport back to UCSC, strains were subcultured, as previously described [41] . The fungus was submitted for morphological taxonomic identification to the University of Texas Health Science Center at San Antonio and could only be identified to the genus level as Arthrinium sp.
Additionally, the strain was submitted to Accugenix, a division of Acculabs, INS for a comparative DNA analysis performed against the MicroSeq™ Microbial Identification System (www.appliedbiosystems.com) and Accugenix (www.accugenix.com) databases. Comparisons are based on the sequence derived from the D2 expansion segment of the large subunit rRNA gene. No match was uncovered and the nearest sequence match found was Nigrospora oryzae (22 of 320, or 6.9%, base pair difference). Cryopreserved vouchers are available from PC at UCSC.
Culture conditions:
The fungus was grown in 1.5% Czapek-Dox (kz) extract in 20 L of filtered Monterey Bay seawater adjusted to pH 7.3 at 150 rpm for 21 days at room temperature.
Extraction and isolation:
Following the bulk liquid culture of 03F209kz, the resulting mycelia were removed from the liquid broth by filtration. The dark culture broth was then thoroughly extracted using EtOAc. The resulting crude extract (E) was separated using Sephadex LH-20 size exclusion chromatography. The fourth fraction (S4) subsequently underwent gradient reversed-phase HPLC separation, and the sixth fraction (H6) provided the 80:20 mixture of 1 and 2. This sample (03F209kzES4H6) was initially analyzed via LCMS and an exhaustive variety of conditions were used to separate the mixture, without success. Extracted ion chromatograms (XIC) using the input m/z values between 121.0 and 121.1, however, revealed that both the 121 and 182 m/z values were always present together (see Figure S1 ). Thus, it was determined that fraction H6 constitutes an inseparable mixture of 1 and 2. The integrated peaks of the 1 H NMR spectrum provided the ratio of these compounds, which appeared stable for the duration of the study. 
